Two experimental units were developed for treatment.
One employed the same apparatus as in the previous report(5), where a continuous flow of air, and ethanol vapor and ethylene in air are metered through the chambers containing fruits.
The other employed the conventional equipment, where fruits are packed in a carton holding 15 kg net weight (30 by 40 cm in depth by 21 cm), and sealed after the application of an aqueous ethanolic solution.
By using these units, 4 separate experiments were conducted.
1. Experimental procedures Expt.1.
`Hiratanenashi' fruits harvested in 1975 were placed in glass chambers at 25°C, and treated with ethanol for 1 day by supplying air which had been passed over a 25% ethanolic solution.
After the ethanol treatment, chambers were opened and fruits were divided into 4 equal groups, which were then transferred to constant temperature rooms held at 15°, 20°, 30° and 40°C, respectively.
Expt. 2. `Aizumishirazu' fruits harvested in 1982 were treated with ethanol in the same manner as in Expt.1, except that the holding temperature was 30°C and the concentration of ethanolic solution used was 10%. Thereafter, the fruits were kept continuously in the chambers for 1 day and air alone or ethylene in air was introduced during this period.
Using the method described by Pratt et al. (9) , the concentration of ethylene was adjusted to be about 4 ppm (3.6 to 5.0 ppm).
The chambers were opened after 2 days, and both ethylenetreated and untreated fruits were divided into 4 groups, which were then transferred to rooms held at 10°, 15°, 20° and 30°C.
Expt. 3. `Hiratanenashi' fruits harvested in 1983 were treated with ethanol alone and ethanol plus ethylene in the same manner G •AS RELATED TO TEMPERATURE 499 as in Expt. 2, except that chambers were aerated for 1 day after the end of ethanol treatment and fruits were then exposed to 1.5 ppm ethylene (1.0 to 1.9 ppm). After 3 days, the chambers were opened and the fruits were moved to the rooms held at 5°, 10°, 15° and 25°C.
Expt. 4. `Hiratanenashi' fruits harvested in 1983 were packed in cartons which had no ventilation holes and were lined or unlined with polyethylene (poly-) bags (0.02 mm thick, 49 by 79 cm).
The cartons were placed uncovered in constant temperature gen, ethylene and ethanol vapor within cartons in Expt. 4. The fruit color score was evaluated by a visual rating of surface color in the most highly colored and green sides of fruits. The other determinations were made by the same methods as reported previously(5, 6).
Results

Expt.1.
The effect of temperature on `Hiratanenashi' fruit s treated with ethanol is shown in Fig. 1 . The concentration of ethanol reached 0.24% after 1 day and then decreased gradually.
The rate of decrease was high with higher temperatures.
The acetaldehyde concentration increased gradually with a large increase in rate at 40°C. The decrease in tannin concentration started after 1 day and by reference to the curves in the figure, the times required to reach about 0.2% were 12, 9. 5, 4 and 2 days at 15°, 20°, 30° and 40°C, respectively.
The time difference was about one-half for each 10°C rise in temperature.
A gradual decrease in flesh firmness began after 1 day, and there were no significant differences in the rate among the various holding temperatures ranging from 15° to 40°C. As the time elapsed, the concentration of reducing sugars gradually increased, while that of nonreducing sugars decreased.
At temperatures of 30° and 40°C, these changes were more rapid and the concentration of total sugars increased due to an increase in reducing sugars exceeding a decrease in non-reducing sugars.
At 40°C the increase in total sugars reached about 3% after 6 days.
Expt. 2. Fig. 2 shows the effect of temperature on `Aizumishirazu' fruits treated with ethanol alone and ethanol plus ethylene.
The ethanol concentration was 0.09% after 2 days, and then decreased gradually. A decrease in tannin concentration began after 2 days with a high rate of decrease with high temperatures.
Above 15°C gradual decreases in flesh firmness began after about 5 to 8 days in fruits treated with ethanol alone and after 2 days in those with ethanol plus ethylene, and no significant differences were found in the rate of decrease. At 10°C, however, more rapid decreases in firmness began after 8 days in fruits treated with ethanol alone and after 5 days in those with ethanol plus ethylene.
Moreover, the fruits softening at 10°C, whether treated with ethanol alone or with ethanol plus ethylene, became water-logged in the flesh region but this was not observed at the other temperatures.
The concentration of peel chlorophyll decreased with time and decreased fastest at 15°C, followed in order by 10°, 20° and 30°C. The concentration of peel carotenoid increased with time with the increase being greatest at 30°C. Fig. 3 shows the carbon dioxide evolution rates of fruit at various temperatures. The rates decreased rapidly during the first 2-day period in fruits treated with ethanol alone, but in fruits treated with ethanol plus ethylene a temporary rise in rate occurred during exposure to ethylene.
After transfer to each temperature, the evolution rates levelled off to a fairly constant level at each temperature and no significant difference was found between fruits treated with ethanol alone and those with ethanol plus ethylene. Although data are not presented here, it was found that the rates of ethylene evolution were about 0.02 ul/kg . hr or less and therefore too The tannin concentration was about 0.3% after 3 days and then decreased rapidly with high temperatures, resulting in that the number of days required to attain 0.1% was reduced by about one-half for each 10°C rise in temperature.
The flesh firmness at 5°C did not change significantly for 16 days in fruits treated with ethanol alone and for 11 days in those with ethanol plus ethylene.
Above 10°C firmness decreased rapidly except in fruits treated with ethanol alone at 10°C, which showed a somewhat slower decrease.
The increase of fruit color score was very slow at 5°C but rapid above 15°C. This increase was earlier in fruits treated with ethanol plus ethylene than in those with ethanol alone.
The decrease of peel chlorophyll concentration was very slow at 5°C but rapid at 15°C. The increase of peel carotenoid concentration was negligible at 5°C but rapid at 25°C.
Expt. 4. The effect of temperature on `Hiratanenashi' fruits packed in cartons was determined.
As shown in Fig. 5 , carbon dioxide in cartons with polybags after 1 to 2 days increased to about 6% at 10° to 15°C and to about 10% at 25°C. After 5 days the concentration remained at a constant level of about 6% at any temperature.
Carbon dioxide in cartons without polybags was hardly accumulated.
Oxygen in cartons with polybags declined to about 2% at 25°C after 1 day and to about 8% at 10° to 15°C after 2 days, but from 7 days it stabilized Hiratanenashi fruits held at l0°, 15° and KATO, K. at about 6 to 8% at any temperature. Oxygen in cartons without polybags held near 20%. Ethylene after 1 day at 25°C increased to about 4 and 0.7 ppm in cartons with and without polybags, then declined gradually . In cartons with polybags, however, there was a gradual increase starting after 5 days . At 10° to 15°C, ethylene after 1 to 2 days increased to about 1.5 and 0.5 ppm in cartons with and without polybags, then declined gradually.
The concentration of ethanol vapor rose quickly to a peak of 10 mg/ I or more about 1 hour after the application of ethanolic solution, and declined rapidly for 1 to 2 days, followed by a gradual decline . These changes did not differ significantly between cartons with polybags and those without polybags. The ethanol concentration, as shown in Fig. 6 , seemed to be the highest on the 3rd day of the 1st test date and to decline gradually thereafter.
At 10° and 15°C the ethanol concentrations were about 0.09% in fruits packaged either with or without polybags, but at 25°C they were 0.15 and 0.05% in fruits packaged with and without polybags, respectively.
The acetaldehyde concentration increased to around 0.7 mg% in 3 days, and then levelled off at an almost constant level except in fruits packaged with polybags at 25°C, which showed a continued increase to about 1.5 mg%.
The tannin concentration decreased with time, and judging from the curves in the figure, the times required to reach about 0.4% at 10°, 15° and 25°C were about 11, 10 and 5 days in fruits packaged with polybags and more than 14, 14 and 8 days in unpackaged fruits. In fruits packaged with polybags, no significant differences were found in the tannin concentrations after 11 days whether the polybags were opened after 6 days or after 11 days. In fruits packaged with polybags the changes in flesh firmness, fruit color score, peel chlorophyll and carotenoid concentrations were slower at 25°C than at the other temperatures, while in unpacked fruits they were slower at 10°C. Changes occurred slower in fruits packaged with polybags than in unpackaged fruits, but after opening the polybags no significant differences were observed.
Some of fruits packed in cartons developed brown stains on the peel from apex to median with similar symptoms apparent in all treatment.
As seen in Table 1 , more discoloration of fruits occurred at 10° and 15°C than at 25°C. Discoloration was greater in the bottom layer than in the middle and top layers within a carton and greater with polybags than without them.
Further, moisture within a carton was determined to find its relationship to the development of peel discoloration.
A sheet of corrugated cardboard beneath fruits packaged either with or without polybags was almost dry at 25°C, while it was wet at 10° and 15°C. At 10°C water was noticeable if the wet cardboard was pressed with the fingers.
Discussion
The decrease in tannin concentration
The time required for the tannin concentration to reach a given level after transfer to each constant temperature room showed a 2-fold decrease for every 10°C rise in temperature.
This relationship will be expressed by the following equation : D1/D2=Q10(t2-tl)ilo where D1 or D2= number of days required for de-astringency at an experienced temperature of t1 or t2 ; Q10= the increase of deastringency rate for every 10°C rise in temperature.
In Fig. 1 , D1 gave 12 days at tl of 15°C and D2 gave 4 days at t2 of 30°C, and in this case Q10 was given a value of 2.1 by using the above equation.
When the same calculations were made using the data obtained from the curves in Fig. 1, 2 and 4, Q10 gave values ranging from 1.4 to 2.4 with an average of 1.9. Though there were significant differences in the tannin concentrations immediately after transfer to various temperatures, the value of Q10 was almost constant.
This probably indicates that the de-astringency rate depends directly on the holding temperature regardless of the degree of astringency removed.
Another indication is that the coagulations of individual tannin . cells during the de--astringency occur in succession but independently of one another. There was an increase in acetaldehyde concentration at high temperatures, but this relatipnship was not so obvious as that of the change in tannin concentration to holding temperature.
Although acetaldehyde concentrations greatly influence the de-astringency rate(7), the above fact shows that large decreases in the tannin concentration at high temperatures can not be explained only by the increase in acetaldehyde concentration.
On the other hand, the responses to treatment with various temperatures are similar in the carbon dioxide evolution and the de-astringency rates.
It seems likely that as with the carbon dioxide evolution rate or the respiratory activity, the deastringency process involves overall physiological and biochemical reactions within a tannin cell.
2. The decrease in flesh firmness There were various patterns in the decrease of flesh firmness during holding at various temperatures,
i. e. a gradual decrease from the initial level to that of 1.5 to 2.0 kg as shown in Fig. 1 ; no or little decrease during the early period and then a gradual or rapid one as shown in Fig. 2 ; and a gradual decrease during the early period followed by a rapid decrease as shown in Fig. 4 . If the difference in these 3 patterns is considered to be due to the different maturities of fruits used, the 2nd pattern indicates the earliest stage of maturity, followed in order by the 1st and the 3rd ones.
Iwata et al. (3) reported that persimmon fruits remained fairly firm for a long time after harvest, but then softened rapidly.
During this experiment, it is considered probable that only a part of the entire pattern of decrease in firmness is observed during the relatively short period of about 2 weeks.
It is assumed that the period during no or a gradual decrease in firmness is due to the time needed to prepare physiological conditions in the tissue necessary for the subsequent rapid changes.
As a rapid decrease in firmness occurred earlier in ethylene-treated fruits than in untreated ones, ethylene may have some function in the formation of such physiological conditions. KATO, K. In Expt.2, however, no detectable increase in ethylene evolution was found at 10°C despite the occurrence of a rapid decrease in firmness. Maotani et al. (8) reported that ethylene is the most important factor in the softening of persimmon fruits, and their report shows that less than 1 ppm of ethylene is obviously efficient.
These facts may indicate that the onset of a rapid decrease in firmness is complexly connected with factors such as a slight increase in ethylene production below the threshold of detection, and the accelerated sensitivity of fruits to ethylene in relation to holding temperature and/or maturity of fruits.
A rapid decrease in firmness occurred earlier at 10°C than at the other temperatures. A similar result was obtained by Chujo and Ashizawa(2), and they reported that the fruits harvested late in the season tended to soften rapidly at 10°C. Moreover, the fruits softening at 10°C developed waterlogged tissue in Expt.2, and this tendency was also observed in Expt.3.
It may be possible that holding at 10°C induces a specific physiological process within the fruit, but further work will be required to explain this process.
3. Changes in fruit color and peel pig- 4. The behavior o f applied ethanol The concentration of ethanol vapor within cartons declined rapidly from about 1 hour after the application of ethanolic solution, resulting in a very low level after 3 days. The ethanol concentration in the flesh seemed to be highest after 3 days even at 10°C. It therefore seems probable that the penetration of ethanol into fruits is almost complete within 3 days after application.
Fruits packaged either with or without polybags at 10° and 15°C contained about 0.09% of ethanol in the flesh. From the concentration and quantity of ethanolic solution used, the amount of ethanol applied initially was computed to be 0.11 and 0.40 g per 100 g of fruits packaged with and without polybags, respectively.
So about 80% of the applied ethanol penetrated into the fruits packaged with polybags and 20% into the fruits without polybags. However, the fruits packaged with polybags at 25°C contained 0.15% of ethanol in the flesh, which was higher than the calculated amount of applied ethanol. This is thought to be due to anaerobic respiration taking place under the atmosphere of low oxygen and elevated carbon dioxide concentration present within the polybags.
The ethanol concentration in the flesh decreased gradually after transfer to each temperature with the rate of decrease being higher at higher temperatures ( Fig. 1, 2 and 4). In contrast with the penetration of ethanol into fruits, ethanol vapor seemed to be evolved by fruits.
The concentration of ethanol vapor in equilibrium with a given concentration of ethanolic solution increased 2-fold for each 10°C rise in temperature(5), which supports the above observation.
5. Eating quality as related to holding temperature Fruits becoming non-astringent in 10 days or more at 15° to 20°C were sweet, jellylike, but still firm with a splendid texture.
How-ENING AS RELATED TO TEMPERATURE 507 ever, flesh texture tended to be less acceptable at higher temperatures, and the fruits held at 40°C were poor in quality because of their non-melting texture even when softened to the most desirable firmness values of around 2 kg (Expt.1).
In view of these points, it may be concluded that the holding temperature to develop better eating quality is 15° to 20°C with a possible maximum temperature of about 30°C. In general, the ripening temperature recommended for attaining the highest quality is known to be around 20°C in deciduous fruits such as pear and peach, and if these fruits are ripened above about 30°C their eating quality will be poor. This fact is probably true with persimmon fruits.
The fruits treated with ethanol at 30°C remained hard and crisp at firmness values of 2.5 kg or higher for a relatively long time after they became non-astringent. These fruits will not be suited for marketing because of the lack of sweetness and juicyness. A similar view has been proposed by Kaneko et al. (4) . In this case, the ethylene treatment, which hastens the softening and ripening of fruits, seems to be useful. Moreover, the difference in softening rate between ethylene-treated fruits and untreated ones did not vary significantly during holding at any temperature after the ethylene treatment.
This result suggests that there is another advantage in that ethylene-treated fruits have a greater shelf life than ordinary fruits if their softening is speeded up correctly.
